Twelve bacterial strains were isolated from shrimp paste (Ka-pi) by the standard dilution technique using nutrient broth (NB) medium supplemented with 5% NaCl (w/v). Six rod-shaped isolates were belonged to the genus Bacillus and six coccal isolates were belonged to the genus Staphylococcus based on their phenotypic characteristics and 16S rRNA gene sequence analyses (98.91%-100% sequence similarity). Strain KP1-09 was identified as Bacillus tequilensis, KP1-04 and KP2-03 as B. infantis, KP1-14 as B. flexus, KP2-17 as B. paramycoides, and KP1-10 as Bacillus species. Coccal isolates, KP3-03, KP4-02, KP4-08, KP5-02, KP5-03, and KP5-07 were identified as Staphylococcus cohnii subsp. urealyticus. The lipase activity of strains in modified NB and in modified NB medium supplemented with 1% (v/v) Tween 20 or Tween 80 using para-nitrophenyl butyrate (C4) as a substrate ranged from 4.41 ± 0.17 Unit/ ml to 29.68 ± 0.80 Unit/ml. The strain B. flexus KP1-14 cultivated in modified NB medium showed the highest lipase activity, while the strains KP1-10, KP1-09, KP4-02, KP5-02, and KP5-07 cultivated in modified NB medium supplemented with 1% (v/v) Tween 80 showed the lipase activity ranged from 0.32 ± 0.01 Unit/ml to 3.22 ± 0.24 Unit/ ml when p-nitrophenyl palmitate (C16) was used as a substrate. The strain S. cohnii subsp. urealyticus KP5-02 showed the highest lipase activity.
INTRODUCTION
Lipases (Triacylglycerol acylhydrolase, EC 3.1.1.3) are water soluble enzymes, which catalyze a wide range of reactions, including hydrolysis, interesterification, alcoholysis, acidolysis, esterification, and aminolysis. These lipases could hydrolyze triacylglycerols to release free fatty acids and glycerol (Javed et al., 2018; Priji et al., 2015) . Lipases are ubiquitous in nature and widely distributed in plants, animals, and microorganisms, such as bacteria, yeasts, and fungi. The bacterial lipases are more economical and stable (Andualema and Gessesse, 2012; Ghasemi et al., 2010) . Thus, the bacterial lipases are used extensively in food and dairy industry for the hydrolysis of milk fat, cheese ripening, flavor enhancement, and lipolysis of butter fat and cream. They are also used in textile industry to increase fabric absorbency (Andualema and Gessesse, 2012) , for the synthesis of biodegradable polymers or compounds, in the energy industry for the synthesis of biodiesel, in the detergent industry as additive in washing powder, and different transesterification reactions (Javed et al., 2018; Liu et al., 2011) . Many microorganisms in the genera Bacillus, Burkholderia, Corynebacterium, Geobacillus, Idiomarina, Oceanobacillus, Pseudomonas, Staphylococcus, and Virgibacillus have been reported to produce lipase (Abol-Fotouh et al., 2016; Daroonpunt et al., 2016a; Dey et al., 2014; Gayathri et al., 2013; Li et al., 2014; Phoottosavako et al., 2015; Yang et al., 2016; Yele and Desai, 2015) . Bacillus subtilis K-C3 was reported that it could be used as a starter culture to enhance the fermentation of shrimp paste (Pongsetkul et al., 2018) . The quality of shrimp paste associated with the formation of free fatty acids in lipolysis, which develops of the flavor or aroma (Itou et al., 2006) .
The traditional fermented shrimp paste (Ka-pi), a purplepink to dark brown color, strong odor and paste-like consistency is widely consumed as seasoning ingredient in Thailand. In Southeast Asia, there are related fermented fish products such as bagoong (Philippines), shiokara (Japan), mam ruoc (Vietnam), terasi (Indonesia), ngapi (Myanmar), and belacan (Malaysia) (Chaijan and Panpipat, 2012; Wittanalai et al., 2011) . Many microorganisms are found in shrimp paste and their extracellular lipases play a major role in shrimp paste products (Camacho et al., 2009) . The aim of this research was to isolate, identify, and screen the lipolytic activity of bacteria from Thai shrimp paste.
MATERIALS AND METHODS

Sources and isolation methods
Five shrimp paste samples collected from Mahachai market, Samut Sakhon province, Thailand, were used for the isolation. Bacterial strains were isolated by spread plate technique using 1 g of the shrimp paste sample diluted in 99-ml nutrient broth (NB) supplemented with 5% NaCl (w/v). This was then 10-fold serially diluted with modified NB solution and 0.1 ml of each dilution was spread on a modified nutrient agar (NA) plate and incubated at 37°C for 48-72 hours. Colonies which showed a different appearance were picked up and then were transferred to nutrient slant.
Primary screening of lipolytic activity
All of the isolated bacteria were screened on lipolytic agar (Barrow and Feltham, 1993) 
Identification methods
Phenotypic characterization
The morphological and cultural characteristics were determined as previously described (Barrow and Feltham, 1993; Daroonpunt et al., 2016b; Leifson, 1963) . The isolates were cultivated on NA plates at 37°C for 2-3 days and then examined for the colony and cell characteristics, such as the color and shape and Gram staining of the cells. Acid production from carbon sources was evaluated in basal medium as described by Gordon et al. (1973) . The hydrolysis of gelatin, starch, and arginine by each isolate was determined (Barrow and Feltham, 1993) and its ability to grow in different salinity [0%, 1%, 3%, 5%, 7%, and 10% (w/v) NaCl], pH (5-10, interval of 0.5) and temperature (20°C, 25°C, 30°C, 40°C, 45°C, and 50°C) levels was also observed.
Genotypic characterization
The 16S rRNA gene fragment was amplified by polymerase chain reaction (PCR) as previously described (Yamada et al., 2000) . The PCR products were resolved and checked by gel electrophoresis in comparison with a 1-kb DNA marker. The PCR products were sent to Macrogen, Korea, for commercial sequencing using the 27F (5′-AGAGTTTGATCMTGGCTCAG-3′) and 1492R (5′-TACGGYTACCTTGTTACGAC TT-3′) primers. The obtained sequences were checked for homology to known sequences using the standard BLASTn sequence similarity searching program from the EzBiocloud server (Yoon et al., 2017) . Multiple alignments of the obtained sequences were performed with the BioEdit program. The neighbor-joining tree (Saitou and Nei, 1987) was then constructed using the MEGA 7 programs (Kumar et al., 2016) and the confidence value of branches of the phylogenetic tree was determined using the bootstrap analysis (Felsenstein, 1985) based on 1,000 replications.
Assay for lipolytic activity
Lipase activity was assayed by measuring the micromole of p-nitrophenol released from p-nitrophenyl butyrate (p-NPB) or p-nitrophenyl palmitate (p-NPP) as the modified colorimetric method (Lee et al., 1999) . The substrates of p-NPB or p-NPP were dissolved in ethanol and mixed with 900 μl of universal buffer (Britton-Robinson buffer, pH 8.0) to give a final concentration of 1 mM. After pre-incubation for 5 minutes, the reaction was initiated by adding 50 μl of enzyme solution to 50 μl of substrate solution, and incubated at 37°C for 30 minutes. A 100 μl of 20% sodium dodecyl sulfate was added to stop the reaction and the amount of p-nitrophenol (p-NP) released was measured at 410 nm against a blank. One unit (U) was defined as the amount of enzyme liberating 1 mmol of p-NP per minute under the standard assay conditions.
RESULTS AND DISCUSSION
Twelve bacterial strains that produced extracellular lipase were isolated from five samples of shrimp paste collected from Mahachai market, Samut Sakhon province, Thailand. These 12 isolates (KP1-04, KP1-09, KP1-10, KP1-14, KP2-03, KP2-17, KP3-03, KP4-02, KP4-08, KP5-02, KP5-03, and KP5-07) showed opaque halos of calcium oleate on lipolytic agar when Tween was used (Garcia-Lepe et al., 1997) , while one strain KP4-08 showed positive for the hydrolysis of tributyrin. All of them were Grampositive bacteria, and the six rod-shaped isolates were belonged to the genus Bacillus and the six coccal isolates were belonged to the genus Staphylococcus based on their phenotypic characteristics and 16S rRNA gene sequence analysis (Table 1) . They grew at 20°C and in 5% NaCl. All produced acid from D-glucose. Their differential phenotypic characteristics are presented in Table 1 .
Bacillus isolates, KP1-04 and KP2-03, showed irregular and orange colonies and grew in 0%-10% (w/v) NaCl, pH 6.0-8.0, and at 20°C-40°C. They showed positive for gelatin hydrolysis but negative for nitrate reduction, arginine, citrate utilization, and starch hydrolysis. Acid is produced from amygdalin, cellobiose, D-fructose, glycerol, D-maltose, mannitol, melibiose, trehalose, and xylose but not from L-arabinose, galactose, inulin, lactose, mannose, melezitose, raffinose, rhamnose, D-ribose, salicin, sorbitol, and sucrose (Table 1) . Based on the 16S rRNA gene sequence (1,399 and 1,386 bp, respectively), they were identified as B. infantis (Fig. 1 ) from their 99.64% and 99.57% sequence similarity to B. infantis SMC 4352-1 T (Ko et al., 2006) . Isolate KP1-09 showed irregular and cream colonies and grew in 0%-10% (w/v) NaCl, pH 5.0-9.0, and at 20°C-50°C. It showed positive for hydrolysis of gelatin and starch, citrate utilization, nitrate reduction but negative for arginine hydrolysis. Acid is produced from amygdalin, L-arabinose, cellobiose, D-fructose, galactose, glycerol, inulin, D-maltose, mannitol, mannose, melibiose, raffinose, D-ribose, salicin, sorbitol, sucrose, trehalose, and D-xylose but negative for lactose, melezitose, and rhamnose (Table 1) . Based on the 16S rRNA gene sequence (1,383 bp) similarity, it was closely related to B. tequilensis 10b T with 99.64%, and, therefore, it was identified as B. tequilensis (Fig. 1 ) (Gatson et al., 2006) . Isolate KP1-10 showed irregular and cream colonies and grew in 0%-7% (w/v) NaCl, pH 6-8, and at 20°C-40°C. It showed positive for hydrolysis of arginine, gelatin and starch, citrate utilization, and nitrate reduction. Acid is produced from amygdalin, cellobiose, D-fructose, glycerol, D-maltose, mannose, melezitose, melibiose, rhamnose, D-ribose, salicin, sucrose, trehalose, and D-xylose but produced no acid for L-arabinose, galactose, inulin, lactose, mannitol, raffinose, and sorbitol (Table 1) . Based on the 16S rRNA gene sequence (1,522 bp), it was closely related to B. cereus ATCC 14579 T ( Fig. 1 ) (98.91% sequence similarity) (Miller et al., 2016) . Isolate KP1-14 had circular to slightly irregular and yellow colonies and grew in 0% (w/v)-10% (w/v) NaCl, pH 6-8, and at 20°C-40°C. It showed positive for hydrolysis of gelatin and arginine but negative for hydrolysis of starch, citrate utilization, and nitrate reduction. Acid is produced from amygdalin, cellobiose, D-fructose, galactose, 
Acid production from: glycerol, lactose, D-maltose, mannitol, mannose, melezitose, melibiose, raffinose, D-ribose, salicin, sucrose, and trehalose but negative for L-arabinose, inulin, rhamnose, sorbitol, and D-xylose. Based on the 16S rRNA gene sequence (1,376 bp) similarity, it was closely related to B. flexus NBRC 15715 T with 99.93%. Therefore, it was identified as B. flexus (Priest et al., 1988) (Fig. 1) .
Isolate KP2-17 had circular and cream colonies and grew in 0%-5% (w/v) NaCl, pH 6-9, and at 20°C-40°C. It showed positive for hydrolysis of gelatin, starch, arginine, citrate utilization, nitrate reduction but negative for hydrolysis of Tween 80. Acid is produced from amygdalin, galactose, glycerol, lactose, D-maltose, D-ribose, sucrose, trehalose, and D-xylose but negative for L-arabinose, cellobiose, D-fructose, inulin, mannitol, mannose, melezitose, melibiose, raffinose, rhamnose, salicin, and sorbitol. Based on the 16S rRNA gene sequence similarity (1,351 bp), it was closely related to B. paramycoides NH24A2 T with 99.48%; therefore, it was identified as B. paramycoides (Fig. 1 ) (Liu et al., 2017) .
Staphylococcus isolates, KP3-03, KP4-02, KP4-08, KP5-02, KP5-03, and KP5-07 are Gram-reaction-positive cocci. Colonies were circular and white in color. They grew in pH 5.0-9.0, 0%-10% (w/v) NaCl, and at 25°C-40°C. They showed positive for citrate utilization and nitrate reduction but negative for hydrolysis of gelatin, starch, and arginine. The acid production was variable from lactose, D-ribose, trehalose, amygdalin, L-arabinose, cellobiose, D-fructose, galactose, glycerol, inulin, D-maltose, mannitol, mannose, melezitose, melibiose, raffinose, rhamnose, salicin, sorbitol, sucrose, and D-xylose The isolates showed lipolytic activity when used p-NPB as a substrate in the culture medium when cultivated for 48 hours at 37°C in modified NB (17.27 ± 0.04 Unit/ml-29.68 ± 0.80 Unit/ ml), modified NB supplemented with 1% (v/v) Tween 20 (4.41 ± 0.17 Unit/ml-24.5 ± 0.25 Unit/ml), and NB supplemented with 1% (v/v) Tween 80 (10.04 ± 0.56 Unit/ml-27.15 ± 0.33 Unit/ml) (Fig. 2) . The highest lipase activity (29.68 ± 0.80 Unit/ml) was obtained from the culture medium of isolate KP1-14 (identified as B. flexus) cultured in modified NB medium.
Moreover, the isolates KP1-10, KP1-09, KP4-02, KP5-02, and KP5-07 showed the lipase activity when used p-NPP as a substrate in the culture medium (modified NB supplemented with 1% (v/v) Tween 80) (0.32 ± 0.01 Unit/ml-3.22 ± 0.24 Unit/ ml, Fig. 3 ). The highest lipase activity was found in S. cohnii subsp. urealyticus strain KP5-02. The high lipase activity is based on Tween 80 which contained the esters of oleic acid that are cleaved by lipases, whereas Tween 20 is easily hydrolyzed by esterases as it contained esters of lauric acid, a medium chain fatty acid (Kumar et al., 2012) . The lipases display high activity toward the aggregated or insoluble substrates containing long chain fatty acids, whereas esterases activity is found to be highest toward the soluble substrate and broken ester bonds of short chain fatty acids (Fojan et al., 2000) . After cultivated in modified NB supplemented with 1% (v/v) Tween 80, the result showed that the five isolates KP1-10, KP1-09, KP4-02, KP5-02, and KP5-07 hydrolyzed the substrate p-NPP (composed of long chain fatty acids, palmitic acid), which may be the result of their extracellular enzymes activity as true lipases that were induced by Tween 80. The hydrolysis of lipase is produced free fatty acids including low molecular weight volatile fatty acids such as acetic acid, propanoic acid, 2-methylpropanoic acid, butanoic acid, and 3-methylbutanoic acid (Sanceda et al., 2003) . These free fatty acids are associated with the aroma and flavor in food products such as fish sauce (Nam-pla) and shrimp paste (Ka-pi) (Sharma et al., 2001) . Therefore, these bacterial strains are interesting group of microorganisms that could be used as a source of enzyme in fermented foods for enhancement of aroma and flavor.
CONCLUSION
Twelve lipolytic bacterial strains from shrimp paste were identified as member of Bacillus and Staphylococcus based on their phenotypic characteristics and the 16S rRNA gene sequence analyses (98.91%-100% sequence similarity) and they were identified as B. tequilensis, B. infantis, B. flexus, B. paramycoides, Bacillus sp., and S. cohnii subsp. urealyticus. The strain B. flexus KP1-14 cultivated in NB medium and S. cohnii subsp. urealyticus strain KP5-02 cultivated in modified NB medium supplementary with 1% (v/v) Tween 80 showed the highest lipase activity by using p-nitrophenyl butyrate (C4) and p-nitrophenyl palmitate (C16), respectively. These strains will be useful for the application in fermentation of fish products in Thailand.
